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Introduction 


The  nltrolysis  of  hexamine  to  HMX/RDX  has  been  studied  In 
these  laboratories  (1)  and  using  essentially  the  same  conditions  of 
the  Holston  Ordnance  Works  (HOW)  process  (2).  which  in  tuxm  is  based 
on  the  Bachmann  method  (3),  similar  yields  of  products  were  obtained. 
By  including  a  small  quantity  of  paraformaldehyde  (CH20)35  in  the  re¬ 
action  mixture  (hereafter  called  the  PA  process)  the  yield  of  mixed 
products  was  increased  by  approximately  107..  A  study  was  carried  out 
in  which  either  hexamine  or  (CH20)x  was  tagged  with  carbon-14  and  the 
distribution  of  activity  in  the  cyclic  methylene  nitramlne  products 
was  traced  during  the  course  of  nltrolysis  (4).  It  was  concluded 
that  in  the  first  reaction  stage,  methylene  groups  from  hexamine  and 
(CH20)](  form  a  common  pool  for  the  formation  of  DPT  molecules. 
Similarly,  in  the  second  stage  methylene  groups  from  DPT  and  (CH20)3( 
also  form  a  common  pool  for  the  formation  of  HMX  and  RDX  molecules. 
Therefore,  the  relative  ratio  of  HMX  to  RDX  is  not  controlled  by  the 
selective  cleavage  of  a  large  molecule  but  is  more  than  likely  in¬ 
fluenced  by  the  particular  conditions  controlling  the  recombination 
of  a  common  methylene  containing  fragment.  It  was  thus  postulated 
that  the  (CH20)j(  increases  the  concentration  of  methylene  containing 
fragments  which  exist  in  precursors  to  HMX/RDX.  The  increase  in  yield 
of  combined  HMX/RDX  products,  resulting  from  the  use  of  (CH20)x,  can 
therefore  be  accounted  for  on  this  basis. 

The  methylene  content  is  not  the  only  criterion  in  controlling 
yield  or  composition  of  product.  It  is  obvious  that  the  processes 
involving  amino  groups  and  the  formation  of  the  nitramlne  structure 
are  equally  important  for  understanding  the  chemistry  of  hexamine 
nltrolysis.  An  indirect  attempt  was  made  to  ascertain  the  extent  to 
which  the  ammonium  nitrate  participates  in  the  formation  of  HMX/RDX 
in  the  PA  process  (4).  Carbon  atom  equilibration  was  found  Indepen¬ 
dent  of  the  amino-nitrogen  concentration.  On  the  basis  of  this 
observation  it  was  concluded  that  (CH20)^  does  not  react  independent¬ 
ly  with  amoonlum  nitrate  to  form  HMX  or  RDX.  In  a  more  direct  manner, 
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by  using  aamonium  nitrate  tagged  with  N-IS  in  the  amino-nitrogen 
position,  Bachmann  (5)  carried  out  some  exploratory  work  to  determine 
the  role  played  by  the  ammonlDon  radical  in  the  fonaatlon  o£  R2>X 
(together  with  HHX  as  the  minor  constituent).  The  results  obtained 
were  complicated  by  the  observed  isotopic  exchange  of  amlno-nltrogens 
in  hexamlne  and  anaaonium  nitrate.  In  spite  of  the  complications 
Introduced  by  interchange,  it  was  concluded  that  the  formation  of  RBK 
Involves  more  Interaction  with  ammonium  nitrate  (37%)  by  exchai^e  or 
incorporation  or  both,  than  does  the  formation  of  HMX  (13%). 

These  results  demonstrated  the  possibility  of  also  obtaining 
some  information  directly  on  the  participation  of  aamonium  nitrate  In 
the  PA  and  HOW  processes  of  WfX.  formation.  Experiments  were  there¬ 
fore  conducted  along  lines  similar  to  those  described  in  Reference 
(4)  with  the  exception  that  products  were  assayed  mass  spectrometrl- 
cally  for  n15/n14  ratios. 

Results  and  Discussion 

Since  the  products  DPT,  HHX  and  BDX  contain  two  types  of 
nitrogen  -CU2-lj^''N02  ,  the  method  for  the  conversion  of  anino- 

nitrogen  to  N2  mass  spectrometric  analysis  was  checked  for 
specificity.  Standard  samples  of  HMX  and  RDX  were  prepared  from 
(CH20)x  and  ammonium  nitrate  of  known  N-13  atom  percent  as  the  sole 
source  of  amino -nitrogen.  A  saople  of  the  n1'5H4N03/HN03  used  in  this 
study,  was  included  for  analysis  to  check  the  possibility  of  exchange 
taking  place  between  the  nitrate-nitrogen  and  amino-nitrogen  prior  to 
the  addition  of  reactants  in  the  HOW  and  FA  processes.  The  N-15  atcxs 
percent  in  all  of  the  compounds  analyzed  mass  spectrometrically  was 
found  to  be  within  +  0.2%  of  the  value  for  the  NI-5H4NO3  reference 
standard.  These  results  clearly  '^^stabllsh  the  lack  of  nltro  and/or 
nitrate-nitrogen  participation  in  the  generation  of  elemental  amino- 
cltrogen.  Induced  either  during  analysis  or  by  exchange  In  a  nitric 
acid  medium.  Therefore,  it  can  be  concluded  that  any  interchange  of 
nitrogen  atoms  that  may  be  observed  to  take  place  during  the  nltrol- 
ysls  of  hexamlne  with  NH4NO3/RNO3  involves  amino-nltrcgens  oi^ly. 

Bachman  (5)  observed  exchange  to  take  place  between  hexa- 
mine  and  ammonium  nitrate  in  acetic  acid  solution  and  assumed  that 
exchange  took  place  during  nltrolysis.  The  process  of  exchange  in 
inert  media  need  not  necessarily  take  place  in  reaction  mixtures. 
Although  hexsmine  and  formaldehyde  were  found  to  exchange  in  an 
acidic  aqueous  medium  (6),  (CH20)v  does  not  exchange  with  hexamlne 
under  conditions  of  nltrolysis  (4).  Therefore,  to  determine  whether 
the  exchange  reported  by  Bachman  (5)  does  indeed  complicate  the 
study  of  the  PA  and  UQM  processes  with  N-IS,  exchange  was  studied 
under  actual  conditions  of  nltrolysis. 

The  atom  percentages  of  N-15  found  in  the  hexamlne  are 
listed  In  Table  I.  The  average  percent  exchange,  based  on  2.4  atom 
1  N-15  calculated  for  the  complete  equilibration  of  hexamlne  and 
ammonium  nitrate  amino-nltrogena,  Is  seen  to  be  Independent  of  the 
amount  of  (CH20)x  included  in  the  reaction  mixture.  The  chief 
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aignlficanee  of  these  results  Is  that  the  rate  of  exchange  of  amino- 
nitrogens  Is  faster  than  the  rate  of  reaction  during  the  nltrolysis 
of  hexssolne  in  the  presence  or  absence  of  (CH20)x.  It  may  be  help¬ 
ful  at  this  point  to  emphasize  the  difference  between  "exchange"  and 
"reaction"  processes.  Although  exchange  does  proceed  by  means  of 
reactions,  the  structural  configuration  of  the  interchanging  species 
rasaln  unaltered  at  the  steady  state  of  dynamic  equilibrium. 
"Reaction"  on  the  other  hand  proceeds  in  one  direction  only  with  the 
initial  constituents  transformed  to  different  entities  at  a  "static" 
state  of  equilibritsn. 

Table  I 


Amino -Nitrogen  Exchange(^)  Between 
Hexatulne  and  NH4N03^^^  In  a  Nttrolyzing  Medium 


Expt. 

Replicate 

Atom  %  N-15  Found 

Average  % 

No. 

No. 

In  Hexamine^®) 

Exchange 

1 

1 

0.91 

Without 

JL 

2 

0.8A 

2A 

(CH20)x 

2 

1 

0.87 

2 

0.73 

1 

1 

0.96 

With 

i 

2 

0.92 

2A 

(CH20)x 

2 

1 

0.73 

4m 

2 

0.72 

(a) All  reactants  added  simultaneously  and  the  mixture 
quenched  with  CCI4  after  2  minutes. 

(b) Added  as  the  nitric  acid  solution  and  containing  7.6  atom  %N-1S. 

(c) Isolated  as  the  mercuric  chloride  salt. 

(d) Based  on  2. A  atom  7,  N-15  calculated  for  1007.  exchange. 

The  question  arises  as  to  why  the  amino -nitrogens  and  not  the 
methylene  groups  in  the  hexamine  molecule  exchange  under  conditions 
of  nltrolysis.  Exchange  reactions  are  usually  ionic  and  faster  than 
metathesis  reactions.  Therefore,  conditions  conducive  to  exchange  in 
competition  with  reactions  would  Involve  interchange  between  ionic 
species.  Since  (CH20)](  cannot  be  considered  ionic  in  an  acidic 
medium,  even  though  hexamine  is,  the  possibility  of  exchange  is  mini 
mized  and  participation  via  reaction  is  favored  (A).  By  way  of 
Inference  only,  the  representation  given  below  indicates  the  chemi¬ 
cally  equivalent  nature  of  the  methylene  groups  that  can  exist  In  a 
nitrolyzlng  medium.  In  an  acidic  medium  hexamine  exists  as  a 
protonated  Ion  with  a  labile  -CH2- — NH^  bond.  In  an  oxidizing  medium 
this  bond  la  subject  to  attack  together  with  the  bonds  in  the  poly¬ 
meric  chain  of  (CH20)](  as  shown  In  Diagram  1.  In  this  mechanism, 
the  implication  is  made  that  the  reaction  involving  the  fragmentation 
of  (CH20)](  takes  place  irreversibly  prior  to  equilibration  and  subse¬ 
quent  reaction  leadltg  to  Intermediate  product  formation.  This  is 
based  on  the  experimental  evidence  given  in  Reference  A.  Hexamine 
was  isolated  free  of  activity.  Indicating  that  III  does  not  exist  in 
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equilibrium  with  I  but  proceeds  directly  to  form  intermediate  pro¬ 
ducts.  The  configuration  III  may  be  considered  the  ''coniaon  pool  of 
methylene  groups'*  to  which  reference  was  made  in  the  work  with  carbon- 
14, 


Where  —  # —  S  -CH2- ;  C* *  and  —  ^  »  -C^^H2“ 

The  path  of  amino-nitrogen  exchange  between  hexamlne  and  am¬ 
monium  nitrate  must  undoubtedly  involve  both  species  in  an  Ionic 
n^tastable  state.  The  charged  amino  group  of  the  metastable  species, 
I,  can  then  Interchange  with  its  equivalent  nitric  acid  salt  of 
ammonia  as  follows: 


Where  —0—  S  -CH2-;  N*  *  N-15  enriched;  and 
N  as  unenriched  N-15  (i.e.,  in  natural  abundance). 

This  Impliaa  that  an  exchange  of  amino-nitrogens  takes  place  before 
nitrolysis  and  even  before  R-CH2-  goes  to  R-CH2-<%  or  some  equivalent 
irreversible  substitution,  in  which  case  the  rate  of  exchange  is 
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necessarily  faster  than  the  rate  of  reaction  (R  ^  residual  hexamine 
iBolecule) . 


Accordli^  to  the  above  suggested  process  of  amino-nitrogen 
exchange,  any  DPT  Isolated  from  the  addition  of  N-15  aaaoonlvRn  nitrate 
during  the  first  stage  of  nltrolysls  should  contain  N-15  enricha^nt 
corresponding  to  100%  exchange.  This,  of  course,  is  based  on  the 
fact  that  all  of  the  amino-nitrogens  in  hexamine  are  chemically 
equivalent,  having  a  cotasKm  (CH2)3N  configuration.  The  experiisental 
atffiB-pereent  N-15  values  found  in  the  DPT  are  listed  in  Table  II. 

As  expected,  these  values  are  identical  to  the  2.4  atom  %  N-15  cal¬ 
culated  for  100%  exchange  of  hexamine  end  aasaonium  nitrate-amino 
nltr<^ens.  Here  ^aln,  exch^ge  is  ehtwn  to  be  Independent  of  the 
<CH20>x  ewicentratton. 

Table  II 


NH4N03'*'^^  Exchange  In  The  Formation  of  DPT 


Without 

(CH20)x 

With 

(CH20)x 


Replicate 

No. 

1 

2 


Atom  %  N-15  Found 
In  DPT 
2.5 

2.5 _ 


1 

2 


2.4 

2.4 


1 

2 


2.4 

2.4 


1 

2 


2.5 

2.5 


Average  % 
Exchange^^^ 

102 


102 


(a}Added  as  the  nitric  acid  solution  and  containing  7.6  atom  %  liJ-15. 
(b)Ba8ed  on  2.4  atom  %  N-15  calculated  for  100%  exchange  of 
hexamine  and  ammonium  nitrate-amino  nitrogens. 


The  Inconqpleteness  of  the  exchange  shovm  in  Table  I  can,  therefore, 
be  attributed  to  the  mode  of  addition  and  the  time  of  contact  of  the 
reactants.  Because  complete  equilibration  of  the  four  amino-nittcgatis 
occurs  prior  to  reaction,  no  conclusion  can  be  drawn  concerning  the 
extent,  if  any,  to  which  the  ammoi.ium  nitrate  directly  participates 
in  the  formation  of  the  DPT. 


To  investigate  the  step-wise  role  of  ammonium  nitrate  in  the 
HOW  process  the  NI5H4NO3/HNO3  was  added  during  the  second  stage  of 
nltrolysls  and  the  HMX/RDX  was  analyzed  for  N-15  enrichment.  Thus, 
the  formation  of  HMX/RDX  from  DPT  with  any  N-15  enrichment  can  be 
attributed  solely  to  the  participation  of  the  ammonium  nitrate  added 
during  the  second  stage  of  nltrolysls.  Assinning  that  all  of  the 
amino-nitrogens,  including  the  ones  with  nitro-sbustitutions,  ex¬ 
change  during  this  second  stage,  the  atom-percent  N-15  calculated 
for  HMX/RDX  Is  2.48%.  The  actual  atom-percent  N-15  found  in  HMX  and 
RDX  as  listed  in  Table  III  are  seen  to  be  approximately  half  the  cal¬ 
culated  value,  2,48%. 

The  amino-nitrogens  in  DPT  contain  two  types  of  substitutions, 
(CH^)3Hand  (CH2>2*N-N02  where  only  the  former  is,  of  course,  common  to 
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hexamine  and  shown  to  exchange  cos^lately.  The  observed  Incon^Iete 
exchange  during  the  second  stage  of  nltrolysls  may,  therefore,  be 
attributed  to  the  nltrosubstltuted  amino-nitrogen  which  falls  to  ex¬ 
change. 

Table  III 

NH4N03^^^  Participation  In  The  Formation  of  HMX/RDX 
In  The  Absence  of  (CH20)x 


Expt 

So. 

1 

2 


Replicate 


Atom  \  N-15  Found 
HMX  5DX 

1.3  1.5 

1.5  1.5 

1.2  1.2 

1.2  1,4 


Avg  X  NH4SO3  Parttctpatlon 

ag(fe)  RKsW 

0  & 


(a)  7. 6  atom  T  N^^H4S03  added  as  the  nitric  acid  colutlOT  during 
the  second  stage  of  nitrolysis. 

(b) HMX  and  RDX  as  derived  from  NH4NO3  amino-nitrogens  solely 
due  to  reaction. 


The  equilibration  cf  amino-nitrogens  due  to  exchange  being 
limited  to  the  (CH2)3^  substitutions  in  DPT,  would  follow  the  course 


Here  again  exchange  proceeds  before  the  methylene  radical  undergoes 
reaction  to  form  stable  products.  Thus  Che  DPT  molecule  contains  two 
of  its  four  amino-nitrogens  with  N-15  enrichment  prior  Co  irreversible 
transformation.  In  the  case  of  (CH2)2ll'’N02  th&  amino-nitrogen  does 
not  etiulllbrate  with  the  amaonium  adduct  based  on  the  asaunqitiou  that 
the  N-NO2  bond  is  stable  under  the  prevailing  conditions  of  nitrol¬ 
ysis. 

Calculations  of  bond  force  constants  based  on  stretching  vibr»> 
tlons  lend  subs Cant iatlve  evidence  to  the  above  suggested  mode  of 
exchange  during  the  second  stage  of  nitrolysis.  The  method  of  cal¬ 
culation  according  to  Gordy  (7)  is  considered  a  very  good  approxlmatjon 
of  relative  bond  strengths  of  the  type  of  bonds  fot^  in  DPT.  The 
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values  of  the  bond  stretching  force  constants  (x  10^  dynes /cm)  obtained 
for  the  DPT  molecule  are  8ho%m  In  Diagram  4. 


The  symbol  in  parentheses  is  the  induced  charge  or  relative  electro¬ 
negativity  assigned  to  the  atom.  It  can  be  readily  seen  that  the 
S“N02  bond  is  Indeed  the  strongest  type  bond  in  DPT.  Therefore,  it  is 
reasonable  to  assume  chat  this  bond  is  stable  in  a  nltrolyzlng  medium 
and  being  strongly  covalent  does  not  undergo  exchange. 


NH^N03  Participation  in  the  HOW  Process 

When  Nl3H^If03  is  added  during  the  second  stage  the  N-IS  en¬ 
richment  is,  therefore,  expected  to  be  present  only  in  the  trimethyl¬ 
ene  substituted  amino -nitrogen  prior  to  reaction.  Because  of  this 
selective  exchange  it  was  possible  to  determine  the  role  of  amnonium 
nitrate  during  Che  second  stage  as  well  as  the  mode  of  HMX/RDX 
formation  from  DPT.  If  selective  cleavage  of  DPT  were  to  take  place 
in  the  formation  of  products,  0.50  and  0.66  of  the  amino -nitrogen  in 
HMX  and  RDX,  respectively,  would  contain  N-15  enrichment,  as  indicated 


The  ratio  of  atom  %  N-15  in  HMX/RDX  should  be  0.50/0.66  or  0.75  if 
the  above  mechanism  were  indeed  the  mode  of  HMX  and  RDX  formation. 

As  can  be  seen  in  Table  III  Che  average  ratio  of  atom  %  N-IS  in  HMX/ 
RDX  formed  in  the  absence  of  (CH20)x  is  0.93  or  essentially  unity.  To 
check  these  results,  in  one  series  of  experiments  N^^H4N03  was  added 
during  the  first  stage.  In  another  series,  N^^N4N03  was  added  during 
both  the  first  and  the  second  stages.  In  each  case,  only  the  HMX  and 
RDX  were  analyzed  for  atom  Z  N-15  content.  The  results  are  listed  In 
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Table  IV  and  show  an  over-all  average  atom  %  N-15  of  0.97  in  HMX/RDX 
for  each  respective  series. 

The  following  conclusions  which  can  be  drawn  from  this  ob¬ 
served  N-15  ratio  give  a  direct  Insight  into  modes  of  reaction  that 
may  take  place  during  the  second  stage  of  nitrolysis  in  the  absence  of 
(CH20)x: 

a.  DPT  does  not  cleave  selectively  to  form  HMX  and  RDX. 

b.  HMX  and  EDX  are  derived  essentially  from  hexamlne  nitrogens  . 

c.  HMX  and  RlfiC  are  derived  from  equilibrated  -CH2-y-N02 
fragments,  half  of  which  are  formed  during  the  first  stage  and  the 
other  half  during  the  second  stage. 

d.  A  small  fraction  of  approximately  57»  of  RDX  is  derived 
from  ainm>nium  nitrate. 


e.  The  rate  of  formation  of  HMX  is  greater  than  that  of  RDX. 
These  conclusions  are  summarized  by  inference  in  Diagram  6.^ 


n 


WO-CHa.>NHO» 

.  A  . 

\ 

MHX/RliX 


RbX 


Where  the  atom  %  N-15  of  N*"l  >  N*”^  ^  N*”2>  N*“3  and  N  m  natural 
abundance.  The  rat.lo  of  the  H0-CH2-NH-N02/H0-CH2-NH*“2-ii02  mixture 
in  II  is  essentially  equal  to  one,  since  the  major  product  is  DPT. 
Therefore,  there  is  an  equal  distribution  of  N-15  and  N-14  at<»iiB  In 
HMX  and  RDX  derived  therefrom.  However,  after  the  formation  of  II 
the  H*"1H4N03  in  the  ammonium  nitrate -nitric  acid  mixture  is  in 
excess  of  the  hexamine  nitrogens.  This  N-15  amnonium  nitrate,  which 
cannot  exchange  with  the  now  completely  nitro-substituted  hexamine 
nitrogens,  exchanges  instead  with  the  aitmonium  nitrate  in  situ.  Any 
product  formed  from  the  atnoonlum  nitrate  amino-nitrogen  would  obvi¬ 
ously  have  a  higher  atom  TL  N-15  than  a  product  formed  from  hexamlne- 
nitrogen.  The  extent  of  this  increase  is  proportional  to  the  formatian 
of  product  from  ammonium  nitrate.  With  these  factors  taken  into  con¬ 
sideration  and  correcting  for  the  incomplete  conversion  of  -CH2-Y-NO2 
to  products,  calculations  of  the  atom  X  N-15  due  to  exchange  alone 
and,  therefore,  implying  the  Involvement  of  hexaminenitrogens  only 
are  in  excellent  agreement  with  the  values  shown  by  analysis  for  HMX 
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In  Tables  III  and  IV.  Therefore ,  the  extent  of  ansionluin  nitrate 
participation  In  HMX  formation  Is  zero  as  shown  in  the  last  column 
of  Tables  III  and  IV.  The  atom  %  N-15  found  In  RDX  Is  on  the  average, 
4%  greater  than  the  calculated  value  for  exchange  and  is  attributed 
to  ammonium  '.:itrate  part  ic*  pat  ion.  Calculations  of  the  ananonium 
nitrate  participation  according  to  the  reaction  path  as  outlined  in 
Diagram  6  show  values  corresponding  to  this  observed  atom  %  N-15 
difference. 

The  condensation  of  X  to  products  may  be  considered  as  a 
fvinction  of  ccmqpetlng  rates  controlled  by  a  concentration  effect.  It 
is  conceivable  that  the  rate  of  cyclization  Is  faster 

for  HMX  than  for  RDX  formation.  This  is  based  on  the  fact  that  the 
C-N  bond  angles  in  HMX  are  less  strained  than  those  in  RDX.  As  the 
cyclization  of  the  common  precursor  Is  brought  to  completion,  the 
nitric  acid  content  in  the  reaction  mixture  is  reduced  to  negligible 
proportions.  The  ammonium  nitrate  and  acetic  anhydride  concentra¬ 
tions  are  concurrently  increased,  approaching  conditions  similar  to 
those  in  the  Ross  process  (8).  In  that  process,  RDX  is  formed  with 
HMX  as  a  contaminant  predominantly  from  the  condensation  of  (CH20);jj 
with  ammonium  nitrate  by  the  action  of  acetic  anhydride.  Therefore, 
because  of  these  conditions  prevailing  during  the  latter  stages  in 
the  H0U  process,  the  residual  formation  of  RDX  is  favored  from  am¬ 
monium  nitrate  and  the  available  methylene-containing  species 
equivalent  to  formaldehyde. 


Table  IV 


N^^H^NOa 
Addition 


Check  Determination  of  NH^N03  Participation  in  The 
Formation  of  HMX/RDX  In  The  Absence  of  (CH20)x 
(a) 


Expt.  Repli- 
No.  cate  No. 

1 

2 


Atom  %  H-15  Found  Avg  %  NHa-NQ-^  PartLcj^tlon 


rsT’STj' 

Stages 


2  5 


(a)  Added  as  the  nitric  acid  solution  and  containing  6.42  atom  %  N-15. 

(b) HMX/RDX  as  derived  from  NH4NO3  amino-nitrogens  solely  due  to 
reaction. 


NH4N03Partlcipatlon  in  the  PA  Process 

In  tracing  the  role  of  ammonium  nitrate  in  the  presence  of 
(CH20^  ^'*H4N03  was  added  during  the  second  stage  of  nitrolysis. 
Check  determinations  were  made  by  adding  NI3H4NO3  during  the  first 
stage  and  in  another  set  during  both  the  first  and  the  second  stages. 
The  N-15  enrichments  found  in  the  HMX  and  RDX  are  listed  in  Table  V, 
These  values  imply  that  the  reaction  sequences,  although  complicated 
by  the  inclusion  of  (CH20)x,  are  nevertheless  comparable  to  the  ones 
outlined  above  for  the  HOW  process.  In  major  part,  this  mechanism 
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if  used  for  the  Interpretation  of  the  N-lS  values  obtained  in  the  PA 
process.  The  distribution  of  N>15  enrichment  in  the  reaction  sequences 
when  n'^HN03  is  ^ded  during  the  second  stage  is  shown  in  Dit^ram  7. 


Where  «  antaonium  nitrate  onlno-nitrogen,  whexaraine  aatino- 
nitrogen,  eEnltro'-aubstltution  formed  during  1st  addition, 
nitro>8uhstitution  formed  during  2d  addition.  According  to  this 
mechanism  the  calculated  over-all  average  percent  ammonium  nitrate 
participation  shown  in  Table  V  Is  SX  for  HMX  and  40%  for  ECX  (see 
experimental  procedure  for  sanqile  calculation). 

The  suggested  mechanism  must,  of  course,  be  compatible  with  the 
results  obtained  from  the  study  with  carbon-lA  (4).  In  that  study, 
the  methylene  groups  from  hexamlne  and  (CH20)]c  were  shown  to  equili¬ 
brate  during  the  second  as  well  as  during  the  first  stage  of  reaction. 
For  such  an  equilibration  to  take  place  a  metaatable  intermediate  of 
the  form  02N-N-(CH20H)2  must  exist  which  then  proceeds  to  form  the 
common  monomer  precursor  to  HMX  and  RDX,  H0-CH2-Nfi-Ii02  aa  shown  for 
%  In  Diagram  6.  The  common  pool  of  methylene  groups  may  be  con¬ 
ceived  as  forming  somewhat  as  shown  in  Diagram  8, 


Where  ^ 


4  i 


N-HO, 


i  OM  N-NO^ 


Where  N*  N-15  enriched,  — —  m  -C^**U2 1—  0  — -  «--CH2 

The  DPT  with  N-15,  I,  is  Included  to  desaonstrate  the  concurrent 
behavior  of  amino-nitrogens  and  saethylene  groups  and  My  be  looked 
upon  as  a  continuation  of  the  preceding  step  involving  selective 
amino-nitrogen  exchange  indicated  in  Diagram  6.  It  must  be  eophe- 
slzed  again  the  the  equilibration  of  methylene  groups  following 
amlno-nltrogen  exchange  is  due  to  reaction  and  not  exchange;  end  that 
these  processes  are,  therefore.  Independent  of  each  other. 

It  Is  not  to  be  construed  that  II  in  Diagram  8  actually  exiata 
as  such,  but  what  is  solely  Intended  is  to  Illustrate  the  probable 
existence  of  an  intermediate  specie  which  can  explain  the  experi¬ 
mentally  observed  chemical  equivalence  of  methylene  groupa  and  amino- 
nitrogens.  The  pool  of  amino-nitrogens  and  methylene  groups  as  is 
Intimated  by  II,  is  then  thought  of  as  forming  a  common  nonoiBer  pre¬ 
cursor,  III  (Diagram  9) ,  analogously  to  tha  path  indicated  by  II 


—  m  -cl^2 » — 
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In  the  series  of  reactions  shown  In  Diagram  6. 


H 

§40 

m 

i 

kmy^/wx 


|^%n03/hhci^ 

4 


Here  again,  the  participation  of  aamonium  nitrate  must  take  place,  in 
this  case  after  the  release  of  the  equilibrated  hexamine  and  <CH20)2( 
methylene  groups  resulting  from  the  cyclization  of  111  to  HMK  and  BDX. 
This  conclusion  is  not  only  supported  by  the  excellent  agreement  be¬ 
tween  the  observed  atom  %  N-15  and  the  calculated  values  based  on  the 
proposed  mechanism,  but  also  by  the  results  obtained  in  the  Carbon-IA 
tracer  study.  When  C-14-<CH20)y  was  added  during  the  second  stage  an 
equal  distribution  of  activity  was  observed  in  HMX  and  RDX,  signify¬ 
ing  methylene  carbon  equilibration.  If  any  direct  condensation  of 
ammonium  nitrate  with  (C^2^)x  occurred  prior  to  equilibration, 
the  carbon-14  content  of  the  KDX  would  have  been  significantly  grea- 


ter  than  that  of  the  HMX,  since 

40%  of  RDX  and  only 

8%  of  HMX  is 

derived  from  amnonium  nitrate. 

lable  Y 

NH4HO3  Participation  In  The 

!  Formation 

of  HMX/KDX  In  The 

Presence 

of  (CH20)x 

n15h4N03^®^ 

Expt  Replicate  No. 

Atom  %  N- 

■15  Found 

Avg  %  NH4NO3 

Addition 

No. 

HMX 

RDX 

Far t Ic ipat ion 

HMXCb)  RDXCb^ 

1  1 

1.3 

2.6 

Second 

^  2 

1.6 

2.3 

4  50 

Stage 

2  ^ 

1.4 

2.4 

2 

1.2 

2.6 

3  ^ 

1.7 

1.6 

First 

^  2 

1.8 

1.5 

10  40 

Stage 

4  1 

1.7 

1.6 

^  2 

1.8 

- 

lat  and  ^  1  2.7  3.1 

2d  Stages  ^ _ 2 _ 2.6  3.1 


(a) Added  as  the  nitric  acid  solution  and  containing  6.42  atom  % 

N-15  in  Expts  1,  2  and  5;  and  7.6  Atom  %  N-15  in  Expts  3  and  4. 

(b) HMX/RDX  as  derived  from  NH4NO3  amlno-nltrogens  solely  due  to 
reaction. 

The  final  step  in  the  PA  process  involving  the  condensation 
of  methylene  and  ammonium  fragments  is  shown  by  calculations,  based  on 
the  experimental  data  to  include  the  formation  of  HMX  together  with 
RDX,  whereas  in  the  HOW  process  only  KDX  was  shown  to  form  (see  last 
column.  Table  V) ,  The  formation  of  approximately  37.  HMX  as  well  as 
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Che  Increased  production  of  RIK  froa  aanoniust  nitrate  (5%  in  the  HOH 
process  as  ccnpared  to  40%  in  the  PA  method)  may  be  explained  on  the 
basis  of  the  relatively  high  concentration  of  methylene  fragments  re¬ 
leased  from  II  in  Diagram  9.  Only  one  equivalent  endo-methylene  group 
is  released  In  the  HOW  process  while  all  of  the  methylene  groups 
equivalent  to  those  added  in  the  form  of  (CH20)x  and,  in  addition,  the 
equivalent  endomethyl  group  are  released  in  the  PA  process.  As  the 
concentration  of  equilibrated  methylene  groups  Increases,  their  con¬ 
densation  with  ammonium  nitrate  is  driven  to  the  right.  The  increased 
HKK  yield  as  well  as  the  Increased  over-all  HMX/RDX  yield  of  the  JPA 
process  may  be  attributed  in  part  to  the  final  step  of  this  postulated 
mechanism. 

The  relative  rates  of  product  formatlcm  mentioned  above  for  the 
HOW  process  evldentally  prevail  also  in  the  FA  process.  The  atom  % 
N-15  In  HMX  is  significantly  less  than  that  of  RDX,  indicating  prefer¬ 
ential  HMX  formation  from  hexamlne  nitrogens  as  compared  to  the  more 
pronounced  formation  of  RDX  frcmt  ammonium  nitrate.  Correspondingly, 
the  ratio  of  atom  %  N-15  in  HMX/RDX  is  decreased  from  0.96  In  the  HOW 
process  to  0.56  in  the  PA  process.  Both  values  deviate  appreciably 
from  the  0.75  figure  associated  with  the  selective  cleavage  of  the  HT 
molecule  to  discount  the  possibility  of  such  a  mechanism  taking  plMe 
In  either  process  for  HMX/RDX  production. 

Conclusions 

The  conclusions  drawn  from  the  data  obtained  In  the  earlier  work 
with  carbon-14  are  substantiated  by  these  tracer  studies  with  nltro- 
gen-lS.  In  addition,  a  more  coiiq>lete  understanding  of  the  chemistry 
of  amino  groups  and  the  processes  Involved  in  the  formation  of  the 
nltramlno  structure  has  been  obtained  through  the  use  of  nitrogen-15. 

With  Carbon-14  indirect  evidence  had  indicated  that  ammonium 
nitrate  does  not  condense  directly  with  (CH20)x  to  yield  HMX  and  RDX. 
With  nltrogen-lS  this  was  shown  directly  to  be  the  case. 

The  equilibration  of  methylene  groups  was  found  to  be  indepen¬ 
dent  of  anmonlum  nitrate  concentration;  and  with  nitrogen-15  tracing 
the  equilibration  of  amlno-nltrogens  was  shown  to  be  Independent  of 
the  (CH20)x  concentration.  The  two  processes  are  autually  independent 
of  each  other  because  their  respective  modes  of  equilibration  are 
different.  The  equilibration  of  emlno-nitrogens  being  ionic  in 
character  takes  place  by  means  of  exchange  and,  therefore,  precedes 
the  equilibration  of  methylene  groups,  which  Is  attributed  solely  to 
a  reaction  process. 

It  was  concluded  In  the  previous  study  with  carbon-14  that  hexa¬ 
mlne  and  DPT  degrade  non-selectlvely  to  low  molecular  weight  species 
which  then  reco^ine  to  form  products.  The  existence  of  a  selective 
cleavage  mechanism  has  been  discounted  by  data  obtained  with  nltrogen- 
lS  and  with  carbon-14.  The  complenentary  nature  of  the  data  obtained 
from  the  two  studies  makes  possible  the  narrowing  down  of  the  common 
fragmentary  precursor  to  HMX  and  RDX  as  being  of  the  type,  HOCH2NHMO2. 

In  the  earlier  work  it  was  postulated  that  (CH20)x  Incraasoa  the 
concentration  of  methylene  groups  which  exist  In  precursors  to  BIX 
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ajad  RDX.  It  was  suggested  that  the  increase  in  yield  of  combined  HMX 
and  SBX  products  results  from  Inclusion  of  (CH20)^  could  be  accounted 
for  on  this  basis.  With  nitrogen-lS  it  became  possible  to  indicate 
how  this  actually  can  take  place,  viz.,  by  the  condensation  of  the 
Increased  concentration  of  equilibrated  methylene  fragments  with  the 
ansBonium  radical.  The  extent  of  this  participation  with  aumtonlum 
nitrate  is  approximately  TU  for  the  formation  of  hHX  and  40%  for  BOX, 
which  is  Indeed  equivalent  to  the  10%  over-all  increase  in  HMX/BDX 
yields  observed  when  (CH20)j^  is  included  in  the  reaction  mixture. 

The  evidence  given  for  the  existence  of  a  common  precursor  to 
HMX/SBX  of  the  type  HOCH2NHNO2  justifies  any  effort  to  prepare  BMX 
from  momxaethylene  containing  ccnopounds.  A  more  direct  approach  to 
the  formation  of  IfiiX  free  of  RJDX  contamination  in  a  sixsple  reaction 
medium  would  greatly  reduce  the  current  cost  of  production. 

Experlamntal  Procedure 

The  nitrolyses  reactions  and  the  isolation  and  purification  of 
products  (DPT,  HMX  and  SDX)  were  carried  out  as  described  in  Referanss 
(4)  and  (6),  with  the  exception  of  using  N^^H4N03  in  place  of  the 
normal  NH^H03  wherever  indicated  in  this  report. 

Hexamine  Exchange  Study 

The  exchange  between  hexamine  and  N^^H4li03,  in  the  absence  as 
well  as  in  the  presence  of  (CH20)x  was  studied  under  actual  condi¬ 
tions  of  nitrolysls  in  the  manner  described  in  Reference  (4) .  During 
the  two-minute  period  of  Intermixing  of  reactants  the  temperature  was 
permitted  to  rise  to  44°C. 

Preparation  of  HMX  and  RDX  Standards  for  M-15  Mass  Spectrometrtc 
Analyses 

To  a  150  ml  three-neck,  round-bottom  flask  are  added  11.43  g  of 
ammonium  nitrate  (of  known  atom  %  N-15)  and  6.43  g  of  (CH20)^  dis¬ 
solved  in  25  ml  of  glacial  acetic  acid.  The  mixture  is  heated  on  a 
water  batn  to  effect  dissolution.  With  the  solution  at  40*’C,  50.4  ml 
of  acetic  anhydride  are  added  during  a  30*minute  period.  Following 
this  addition,  the  mixture  is  aged  at  45°C  for  one  hour;  the  tempera¬ 
ture  is  then  raised  to  75"C  for  an  additional  30-minute  aging.  Then 
the  mixture  is  refluxed  with  17  ml  of  water  for  30  minutes.  Finally 
150  g'  of  ice  are  added  and  the  HMX  and  EDX  separated  in  the  usual 
manner. 

Mass  Spectrometric  Analysis  of  Amino -Nitrogen  N-15  Enrichment 

All  samples  were  analyzed  by  the  Iscmet  Corporation,  Palisades 
Park,  Mew  Jersey,  under  service  contract.  The  specificity  of  their 
method  for  amino-nitrogen  was  checked  by  the  preparation  of  HMX  and 
RDX  standards  of  known  amino -nitrogen  M-15  enrichments. 

Sample  calculation  of  atom  %  N-15  in  HMX  and  RDX  when  N^^H^N03  is 
added  during  the  Second  Stage 

The  quantities  of  N-15  and  nI'4  in  hexamine  and  amoonium  nitrate 
due  to  natural  occurrence,  viz.,  0.36%,  at  er.d  of  First  Stage  are: 
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i 

n 

4 

If 


I 


a 


hN-15  »  0.00726  g.  j^N-15  -  0.00277  g,  gS-lA  -  2.018  g,  -  0.769g* 

The  annonium  nitrate  added  during  the  Second  Stage,  having  7.6  atom  % 
N-15  contains:  1.154  x  .076  -  0.0877  g  N-15.  Correcting  for  the  am¬ 
ount  of  asmonium  nitrate  equivalent  to  the  trimetbylene  substituted 
amino -nitrogen  in  (.634)  and  for  the  inc<»(|>lete  conversion  to 
final  nltramine  products  (.85);  l.a.,  0.85  x  0.634  *•  0.539. 

The  atom  %  N-15  at  the  end  of  the  second  addition  is  given  by: 


0.36  % 

2.61% 

i.e.. 


.  .  r.5(.o 


00726)  +  .00277  +  .539r 


then 


018  +  .769  +  .539(1 

2.61 
2 


X  100  -  0.36%  +  2.25% 


1.3  atcun  %  N-15  in  HMX/RDK 
^5(CH2-N-N02)  -  0.18%J  +  Qs  (-CH2-p-N02)  1.3% 


lat  Stage  Formation  2d  Stage  Formatioa 


After  the  addition  of  the  stoichiometric  quantity,  the  amannlum 
nitrate  and  the  equivalent  bexamlne  nitrogen  contain  2.25  atom  % 
N-15  and  the  excess  ammonium  nitrate  contains  the  Initial  7.6  atom 
%  N-15.  The  interchange  of  these  two  annonium  nitrates  yields  an 
equilibrated  specie  with  an  atom  %  N-15  proportional  to  their  re¬ 
spective  mole  fractions,  i.e. 


2.25  X 


.055  +  .539  (.082) 


+  7.60  X 


.055  +  .082 


3.7% 


.055  +  .082 

Therefore  any  product  formed  from  ammonium  nitrate  contains  3.7  atom 
%  N-IS  in  co^lnatlon  with  product  formed  from  bexamlne  with  1.3  atom 
7.  N-1S.>  The  relative  amounts  are  obviously  governed  by  the  atom  % 
N-15  found  in  the  particular  product. 


For  the  RDX  formed  in  the  absence  of  (CH20)](,  the  percentages 
of  RDX  derived  from  the  respective  amino -nitrogens  are  given  by: 

1.3  X  +  3.7  (1-x)  «  1.5;  X  «  0.92;  i.e.,  8%  RDX  derived  from  NH4NO3 
amino-nitrogen,  92%  RDX  derived  from  bexamlne  amino  nitrogen. 


The  HKX  formed  in  the  absence  of  (CH2O)  is  solely  derived  from 
bexamlne  nitrogen  since  the  atom  %  N-15  founo  in  HMX  is  equal  to  the 
calculated  value,  1.3%. 

The  RDX's  formed  in  the  presence  of  (CH20),(  are:  1.3  x  +  3.7(|.ac) 
»  2.5;  X  >  0.50;  i.e.  50%  RDX  derived  from  NHANO3  amlno-nltrogen, 

50%  RDX  derived  from  bexamlne  amino-nitrogen. 


The  SMX  derived  from  HH^N^io  in  the  presence  of  (01120)^  la  given 
by:  1.3x+3.7  (1-x)  ■  1.4;  x  «  0.96;  i.e.,  96%  HM^  derived  from 
bexamlne  amino-nitrogen,  4%  HHX  derived  from  NH4NO3  amlno-nltrogen. 


References 


1.  Picard,  J.P.,  et  al,  "An  Improved  Batch  Process 
for  the  Preparation  of  HMX",  F.A.  Tech  Rpt  2059. 

PfS‘ff4,5r5tioS‘oPiiMx%d’1i9B‘83of»f  UlSlo.. 

Ordnance  Works,  Report  20-T-14. 


762-1 85 


CASXOEim  and  AUSEBA. 


/  i 


Raferences  (cont) 

3.  Bachmann,  W.E.  and  Sheehan,  J.C.,  J.  Am.  Chem.  Soc. 

71,  1842  (1949). 

4.  Caatorlna,  T.C.,  et  al,  J.  Am.  Chem.  Soc.  82,  1617 
(1960). 

5.  Bachmann,  W.E.,  et  al,  J.  Am.  Chem.  Soc.  2769  (1951). 

6.  Castorlna,  T.C.,  et  al,  "The  Chemistry  of  Hexamethyl¬ 
enetetramine  in  an  Acidic -Aqueous  Medium",  Technical 
Report  2674. 

7.  Gordy,  W.,  J.  Chem.  Phys.  14,  305-20,  1946. 

8.  McGill  University,  U.S.  Patent  2,434,230,  6  Jan.  1948, 
Schlessler,  R.W.  and  Ross,  J.  H.,  Progress  Report  CE  53 
No.  1-9,  July  1961. 


177 


76  2 


